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The problem implied by the above title is the origin of insects 
from some other animals of more generalised structure. During re¬ 
cent years a considerable amount of new evidence has come to 
light that bears more or less directly upon this subject. In particular, 
mention may be made of the work of F, S i I v e s t r i (1905, 1928) 
on the Diplura ; of R. E. S n o d g r a ss (1928) on insect mouth- 
parts and their musculature : of O. W. T i e g s (1940) on the em¬ 
bryology and (1945) on the post-embryonic development of the 
Symphyla ; and of the present writer (A. D. I m m s, 1939) on the 
antennal musculature of insects and other Arthropoda. In the light 
of these new data, therefore, a brief re-examination of the problem 
of insect descent is justified. 

In the search for possible ancestors of insects the first clear 
opinion was expressed by the Austrian zoologist F. B r a u e r 
(1869) in his Campodea theory. He considered that the forerunners 
of insects were very like the existing genus Campodea and, further¬ 
more, that its type is still retained in the more primitive insect lar¬ 
vae. These larval types consequently came to be designated campo- 
deiform — a convenient term that conveys an immediate impression 
of their general facies. B r a u e r further believed that the ancestral 
insects were evolved from a Chilopod stock. It was not until 1873 that 
the remarkable animal Scolopendrella came to be drawn into the pro¬ 
blem. In that year A. S. Packard claimed that this creature was 
to be regarded as a connecting link between the Thysanura and 
Myriapoda. In 1898 he expressed his views in detail and concluded 
that Scolopendrella is the only extant arthropod which, with the 
sole exception of being progoneate, fulfils the theoretical require¬ 
ments of an ancestor of the Thysanura and, through them, of win¬ 
ged insects. While recognising the difficulty presented by the fact 
that the Symphyla are progoneate, whereas the Insecta are opisthogo- 
neate, Packard did not regard this feature as being sufficiently 
fundamental to invalidate the foregoing conclusion. The researches 
of S i 1 v e s t r i on Anajapyx brought to light a more primitive 
genus and one of greater phylogenetic importance than Campodea. 
He showed that it possessed a remarkable combination of Symphy- 
lan characters and was thus able to reinforce P a c k a r d's theory 
of insect descent. In 1930 R. J. T i 11 y a r d expressed very similar 
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views to Packard except that he regarded the positions of the 
gonopore in the Insecta and the Symphyla precluded the possibility 
that the former were derived from the latter. In 1936 the present 
writer re-emphasised the Symphylan theory of insect descent and 
pointed out that it is more completely in accord with the findings 
of embryology and morphology than any other explanation. Since 
all recent work substantiates this conclusion (vide for example 
Caiman, 1936 and T i e g s, 1940) no useful purpose will be 
served by reviewing the various theories of insect ancestry, espe¬ 
cially as this subject has already been discussed by several writers 
during recent years. 

It is noteworthy that most of the lower insects pass through a 
stage in their embryonic development in which they have a 6- 
segmented head and a 14-segmented trunk, each segment bearing a 
pair of rudimentary limbs. The general prevalence of this polypod 
condition with a fixed number of segments is suggestive of an 
ancestral or recapitulatory phase in development. Since the Sym¬ 
phyla display this same general type of organization it is relevant 
to examine the characters common to this group, on the one hand, 
and to the most primitive order of insects —* the Diplura — on the 
other. 

Among the genera of Symphyla taken into consideration are — 
Scolopendrella , Scutigerella and Hanseniella, Among the Diplura 
(or Thysanura Entognotha of some writers) the more important 
genera are Campodea , Projapyx, Anajapyx, Symphylurinus, Japyx, 
and Heterojapyx). 

Omitting minor features of resemblance the major characters 
common to the Symphyla and Diplura are as follows, 
a — Simple multisegmented antennae, each segment moved by 
intrinsic muscles. 

b — Mouth-parts consisting of mandibles, 1st maxillae, super lin¬ 
guae and fused 2nd maxillae forming a labium, or lower lip. 
c — The mandibles with a single cranial articulation and moved 
by anterior and posterior dorsal rotator muscles and two ven¬ 
tral adductor muscles. The latter have lost their cranial 
origins and have become united to each other by a median 
ligament to form a dumb-bell muscle between the two jaws. 
d — The legs with five segments, the tarsi being undivided and 
ending in paired claws. 

e — The abdominal region with most of its segments bearing 
moveable styles and eversible sacs. 
f — A pair of short cerci on the 13th postcephalic segment and 
bearing the openings of spinning glands at their apices. 
g — The absence of an amnion and serosa in the developing egg. 
h — The presence of an embryonic dorsal organ developed as a 
concentration of cells of the primitive body-wall towards the 
mid-dorsal pole. 

Biologically the Symphyla and Diplura live secluded lives in the 
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soil, often in company with each other. They are unpigmented and 
devoid of either eyes or ocelli. Members of both groups are known 
to show a brood-care instinct in guarding their eggs. 

A brief comment upon the features (a to h) enumerated above is 
necessary by way of amplification. 

a. It is noteworthy that no other insects show similar antennal 
characters. 

b. The mouth-parts of the Symphyla are definitely insectan in 
their main features and unlike those of other Myriapoda. 

c. In the Lepismatidae, among Thysanura, and in the Pterygota 
each mandible has a secondary or anterior dorsal cranial arti¬ 
culation, thus becoming dicondylic and with a long axis of at¬ 
tachment. The dorsal or rotator muscles become of increasing 
importance and become transformed into the abductor and ad¬ 
ductor of each mandible. The two ventral adductors become 
of lesser importance and disappear in the higher orders. 

d. Tillyard (1930) identified the distal leg segment of the 
Symphyla as a tibio-tarsus but took no account of the muscula¬ 
ture which had been investigated by Ewing (1928). His error 
is shown by the fact that the flexor muscle of the claws traver¬ 
ses this region (or tarsus) and has its origin in the tibia (mis¬ 
named the femur by T i 11 y a r d) and thus agrees with a typical 
insect leg. 

e. The common possession of eversible sacs by Symphyla Diplura 
and Thysanura points to a relatively close affinity between 
these groups. The styles and their homologies have been much 
discussed. The fact that they are present along with apparent 
leg-rudiments on the 1st abdominal segment in some of the 
Diplura suggests that they are homologous with the styles of 
the Symphyla. 

/. The resemblance between the short cerci of Symphyla and those 
of Anajapyx is especially striking since they are borne on the 
same trunk segment in the two cases. 

g. The Collembola are the only other insects that have no amnion 
or serosa as a primitive and not a secondary feature. 

h. The embryonic dorsal organ of the Symphyla and of Campodea 
is in direct contrast to the structure bearing the same name in 
the Pterygota where the dorsal organ is a term given merely 
to a stage in the involution of the amnion and (or) the serosa. 

It now behoves us to consider those features wherein the Sym¬ 
phyla differ from the Insecta. The most important difference is 
seen in the positions of the gonopore in the two cases. It is well 
known that the gonopore in Symphyla is located on the 4th post- 
cephalic sternum whereas in the Diplura it lies between the 11th 
and 12th postcephalic sterna. The recent researches of Tiegs 
(1940, 1945) have shown, however, that the progoneate condition 
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is a secondary development which has replaced an original opistho- 
goneate state. 

As regards the gonads the Symphyla with their parietal germa- 
rium resemble Collembola rather than any other order of insects. 

Finally, the mouth-parts of Symphyla are ectognathous whereas 
those of the Diplura are insunk within the head, or entognathous. 
This latter condition is evidently a secondary development and 
acquired independently of other insects. 

While the ancestral insects almost certainly were more akin to 
the Diplura than to any other order, they differed in two impor¬ 
tant characters, (1) the possession of ectognathous mouth-parts, 
(2) an unmodified abdomen composed of eleven segments and a 
telson, the 11th segment bearing the cerci. 

These ancestral insects were in al probability derived from Sym¬ 
phyla not very different from those living today. These creatures 
may be termed Protosymphyla whose most important differences 
from living forms were their opisthogoneate condition and the 
presence of cerci on the 14th postcephalic segment. The following 
main changes in their organization presumably occurred during the 
process of evolution of the ancestral insects. (1) Numerical coin¬ 
cidence of the terga and sterna, (2) concentration of the locomo- 
tory function in the first three postcephalic segments, the remai¬ 
ning ambulatory appendages being reduced to vestiges, (3) locali¬ 
sation of the germarium at the apex of the gonads, (4) the deve¬ 
lopment of a segmental tracheal system, (5) the acquisition of the 
full number of body-segments during embryonic life and loss of 
the capacity to add to this number after emergence from the egg. 
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